Most traditional models of early vision assumed xed channelling of information through the visual system. However, recent thinking has emphasized the exibility of the processing and readout of information coming through the visual system, depending on such factors as attention, task demands, learning and practice (see Julesz and Kovács, 1995; Nayar and Poggio, 1996; Karni and Bertini, 1997) . Here, we propose a two-stage model based on these new principles. It was developed to explain our empirical results on binocular summation (Pardhan and Rose, 1999) . Although qualitative at present, we believe it provides a framework for developing future quantitative , integrative models of channelling in binocular vision.
These channels tile the range of possible disparities and ocular dominances (Fig. 1 ). Our formulation is based on neurophysiologica l data (particularly LeVay and Voigt, 1988; also Poggio, 1984 , and the ensuing model of Lehky and Sejnowski, 1990; and Anzai et al., 1995) . We have also been inspired by Anderson and Movshon's (1989) psychophysica l model and evidence that binocular summation occurs in multiple ocular dominance channels, and the extensive psychophysica l literature for the existence of disparity and ocular dominance channels.
STAGE 2. SELECTIVE ATTENTION TO THOSE CHANNELS
Higher stages of visual processing do not utilize the information from all the stage 1 channels, but can select among them (e.g. Fig. 1 ). How broad a range of channels is monitored can vary, depending upon the experimental conditions . For example, the onset of a stimulus which activates previously unstimulated channels will automatically attract attention to those channels (as occurs for spatial attention: Yantis and Jonides, 1984; Egeth and Yantis, 1997) , thus shifting or expanding the rectangle in Fig. 1 (arrows) .
Whether we call our proposed mechanism 'selective attention' or an 'ideal observer' does not matter: the processes proposed by these two theories are identical in this context. Thus ideal observer theory supposes the observer can monitor channels selectively, and provides a measure of how ef ciently this is done. Performance is assessed relative to a hypothetical ideal observer which monitors all the channels -and only those channels -that carry the signal (e.g. Pelli, 1981; Legge et al., 1987) . If too many channels are monitored, ef ciency decreases because more internal noise is included. If too few channels are monitored, ef ciency declines because part of the signal is missed. Similarly, selective attention just is the utilization of only some of the available information. We know selective attention can be directed toward different depths (e.g. Nakayama and Silverman, 1986; Tyler and Kontsevich, 1995; Theeuwes et al., 1998) and can affect neural activity as early as V1 (Motter, 1993; Tootell et al., 1998; Watanabe et al., 1998; Gandhi et al., 1999; Martínez et al., 1999; Posner and Gilbert, 1999; Smith et al., 1999; Somers et al., 1999) . We also know that perceptual learning can occur rapidly at very early stages of visual processing (Fiorentini and Berardi, 1981; Fahle et al., 1995) . At least some visual learning phenomena are dependent on or controlled The shaded rectangle indicates a group of selectively monitored channels (the focus of attention) -in this case, channels responding to stimuli near the horopter but of any degree of ocular dominance. The arrows indicate a possible change of monitoring, for example, during altered attention or learning. Although we here illustrate disparity and ocular dominance channels, the same principles could be applied to channelling along other dimensions (such as spatial frequency and orientation), and for more than two such dimensions at a time.
by attention (Shiu and Pashler, 1992; Ahissar and Hochstein, 1993; Crist et al., 1997) . Similarly, an ideal observer for any stimulus can originate through rapid perceptual learning in neural nets (where it functions just like a template matching and a maximum likelihood estimation device: Deneve et al., 1999) .
Thus, a wide variety of empirical evidence and theory supports the contention that information passing through the channels in stage 1 is used selectively to optimize the signal-to-nois e ratio and improve the ef ciency of the system. The selection depends on the learning history of the subject and on the attentional and processing demands of the particular experimental task.
We therefore propose (i) that the theories of selective attention and of the ideal observer are identical theories in many psychophysica l contexts, and (ii) that variations in selective information utilization may contribute to the variety of empirical outcomes and models of 'early' vision derived in previous studies (e.g. for binocular summation; see Pardhan and Rose, 1999 , for a review). It is necessary to take account of how higher stages of visual analysis interact with 'early' channels to understand the properties of those channels.
